mediobasal hypothalamus (MBH) explants from NPY-GFP (green) mice, with tanycytes labeled in red for vimentin (1:2000, V9 clone, Dako) . Cell nuclei are labeled in blue with Hoechst. Scale bar: 100 mm. ME and MBH explants were microdissected from the ventral surface of the brain under a stereomicroscope from the tuberal region of the hypothalamus extending from Bregma -1.28 to Relative expression of region-specific genes measured by real-time PCR in microdissected ME and MBH. Values for each pair of samples dissected from the same animal (n=6) are linked by a line of a specific color. For each group, confidence intervals (95%) and means are shown (colored boxes and middle lines, respectively). Error bars represent the standard deviation. DARPP-32 is a gene selectively expressed by tanycytes in the tuberal region of the hypothalamus (Hokfelt et al., 1988) . FGF10 and Claudin-1 transcripts are highly and selectively expressed by tanycytes of the median eminence, but only sparsely expressed by tanycytes of the arcuate nucleus of the hypothalamus (ARH) (Haan et al., 2013; Mullier et al., 2010) . ***: p<0.001, *: p < 0.05, ME vs. MBH, two-tailed paired t-test. (C) Representative western blots and quantitative comparison of leptin and phosphorylated and total STAT3 levels in median eminence (ME) and mediobasal hypothalamus (MBH) explants microdissected from adult wild-type mice 5 and 15 min after the intraperitoneal administration of leptin (3 mg/kg) or vehicle (n = 3 per group). The values shown are means ± SEM. ND: not detected. **: p < 0.01 for leptin expression in the MBH at 15 minutes vs. at 0 minutes; p < 0.05 for a vs. b and b vs. c (two-tailed one-way ANOVA followed by Tukey's multiple comparison test). (D) Representative western blots and quantitative comparison of leptin and phosphorylated and total STAT3 levels in ME and MBH explants microdissected from adult ob/ob mice 15 and 45 min after the intraperitoneal administration of leptin (3 mg/kg) (n = 3 per group). Quantitative comparison also includes data obtained from wild-type littermates (Wt, n = 3 per group). *: p < 0.05 for pSTAT3 expression in the ME at 15 minutes for ob/ob vs. Wt. (E) Leptin transport into the hypothalamus (MBH) is disrupted in lean juvenile (postnatal day 30) db/db mice.
Representative western blots and quantitative comparison of leptin and total STAT3 (as a loading control) levels in median eminence (ME) and mediobasal hypothalamus (MBH) explants microdissected from juvenile male db/db mice 45 min after the intraperitoneal administration of leptin 
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Animals
Mice were housed under a 12h/12h light-dark cycle, and provided ad libitum access to water and standard laboratory chow (Special Diet Services, Commenailles, France) or a high-fat diet containing 60% fat (Research Diets, New Brunswick, NJ, USA). In one experiment, groups of dietinduced obese (DIO) mice that had been on a high-fat diet for 8 weeks were switched to a regular diet for 4 to 10 weeks (until Week 12 and 18, respectively; DIO-R 
Leptin uptake assessment in the ME and MBH
To determine whether leptin is transported across the ME, 5, 15 or 45 min following an intraperitoneal (i.p.) injection of leptin (3mg/kg; Peprotech) or vehicle (10mM Tris-HCl buffer), adult male C57Bl/6 mice were decapitated. After the rapid removal of the brain, the ME and MBH were microdissected with Wecker scissors (Moria, France) under a binocular magnifying glass. Each fragment was placed in a microcentrifuge tube, snap frozen in liquid nitrogen and stored at -80°C until use. To obtain sufficient protein for pSTAT3 detection, the ME and MBH of 2 mice were pooled for each sample used for western blotting.
Fluorescent leptin assays
Bioactive fluorescent leptin (Cisbio Bioassays) (Vauthier et al., 2013) or fluorescent leptin antagonist (LAN; Cisbio Bioassays) (Vauthier et al., 2013 ) (25nmoles/animal) were injected into the jugular vein of adult male mice anesthetized with ketamine/xylazine, and mice sacrificed 5 min later to assess leptin uptake by tanycytes using fluorescent microscopy.
Delivery of neutralizing antibodies to leptin
Mice were placed in a stereotaxic frame (Kopf® Instruments, California) under anesthesia (isoflurane), and a burr hole drilled 1.7 mm posterior to the Bregma on the midline, according to a mouse brain atlas (Paxinos and Franklin, 2004) . A 10 µl Hamilton syringe was slowly inserted into the third ventricle (5.6 mm deep relative to the dura), and 2µl of leptin-neutralizing antibody (20µg, R&D systems, #AF498, n = 5) or vehicle (TBS, pH7.4, n = 6) was injected using an infusion pump over 5 min. Ten min after surgery, mice were awakened and systemically injected with leptin (3mg/kg , n=8) or vehicle (n = 3), and sacrificed 45 min later.
In vivo rescue of leptin transport by EGF treatment
Leptin (3mg/kg; Peprotech) was injected i.p. 45 min before sacrifice by decapitation, followed by EGF (1mg/kg in vehicle; R&D Systems) or vehicle alone (10mM acetic acid in PBS) 15 min before sacrifice. The protocol described above to assess leptin uptake in the ME and MBH was then followed.
Physiological measurements
Analysis of energy expenditure
Mice were analyzed for total energy expenditure, oxygen consumption and carbon dioxide production, food intake and ambulatory movements (total beam breaks/h) using calorimetric cages (TSE Systems GmbH, Germany) and standard procedures (Tschop et al., 2012) . Mice were individually housed and acclimatized to the cages for 48h before experimental measurements, which consisted of monitoring mice injected daily at 18:00 with EGF or vehicle over 5 consecutive days.
In vivo leptin sensitivity test
Mice were divided into two groups, which received daily i.p. injections of recombinant murine leptin (3mg/kg) or vehicle for 3 days. Body weight was measured before and 24h after the treatment period.
Antibodies
The primary antibodies used were anti-pSTAT3 (Tyr705 
Image acquisition
Immunofluorescence images were acquired using an Axio Imager.Z1 ApoTome microscope (AxioCam MRm camera, AxioVision 4.6 software system; Zeiss).
Primary cell culture experiments
Tanycytes were isolated from the ME of the hypothalamus of 10-day-old (P10) as described previously (Prevot et al., 2003) . To observe the ability of primary tanycytes to transport leptin, 90% confluent cells cultured in 10 cm dishes in TDM for 2 d were exposed to leptin (Peprotech) for 15 min. Dose-response studies were performed with leptin (0, 1 and 10 µg/ml) to identify the optimal concentration for the activation of leptin receptor (LepR) signaling pathways. At 1 µg/ml, leptin induced an increase in the phosphorylation of STAT3 and ERK, and this dose was used in all subsequent experiments. The internalization of leptin was assayed by clathrin immunoprecipitation in tanycytes after 15 min of leptin treatment, and by clathrin immunolabeling of tanycytes cultured on coverslips and treated for 15 min with fluorescent leptin (Vauthier et al., 2013) . For confocal analyses, an inverted laser scanning Axio Observer microscope (LSM 710; Zeiss) with an EC Plan NeoFluor 63X/1.4 NA oil-immersion objective (Zeiss) was used (Imaging Core Facility, University of Lille 2, France). Leptin release was studied by western blotting in tanycyte conditioned medium (TCM). TCM was obtained by collecting the fresh medium in which tanycytes were incubated following treatment with leptin for 15 minutes. To determine the role of LepR signaling pathways, tanycytes were incubated for 30 min in the presence of 10 µM MAPK inhibitor (UO126; Calbiochem), 30 µM PI3K inhibitor (LY294002 ; Calbiochem) or 30 µM STAT3 inhibitor (WP1066; Calbiochem). A leptin antagonist (LAN) known to bind LepR with the same affinity as leptin (Niv-Spector et al., 2005) was used as a negative control for leptin internalization (1 µg/ml; Protein Laboratories Rehovot Ltd).
Relative expression of region-specific genes measured by real-time PCR
Median eminence (ME) and mediobasal hyopthalamus (MBH) explants were dissected with (Hokfelt et al., 1988) . FGF10 and Claudin-1 transcripts are highly and selectively expressed in tanycytes of the mediane eminence, but only sparsely expressed in tanycytes of the ARH (Haan et al., 2013; Mullier et al., 2010) .
Detection of leptin receptor mRNA in cultured tanycytes.
Total RNA was isolated from 10 cm dishes of cultured tanycytes using QIAzol lysis reagent (Qiagen). LepR mRNA levels were quantified using NanoDrop technology. RT-PCR was carried out after denaturation at 80°C for 5 min and 75°C for 2 min. Reverse transcriptase was then added and RT performed as follows: 25°C for 10 min; 42°C for 1h; 94°C for 5 min. This was followed by amplification as follows: 40 cycles at 94°C for 4 min, 55°C for 1 min and 72°C for 2 min. The primers 
Protein extraction and western blotting
Proteins were extracted and processed as described previously (De Seranno et al., 2004; Prevot et al., 2003) . Briefly, proteins were extracted in 100 ml of lysis buffer for the ME and 200 ml for the MBH and 10 cm tanycyte culture dishes (pH 7.4; 25 mM Tris, 50 mM β-glycerophosphate, 1.5 mM EGTA, 0.5 mM EDTA, 1 mM sodium pyrophosphate, 1 mM sodium orthovanadate, 10 mg/ml leupeptin and pepstatin, 10 mg/ml aprotinin, 100 mg/ml phenylmethylsulfonyl fluoride, and 1% Triton X-100). Tissue fragments or cells were homogenized by passing through 22-and 26-gauge needles in succession. The lysates were cleared by centrifugation at 12,000 rpm for 15 min at 4°C. Protein content was determined using the Bradford method (Bio-Rad, Hercules, CA). Aliquots of protein extracts containing the same amount of protein were prepared in 1X sample buffer and stored at -80°C until use. Samples were boiled for 5 min after thawing and size-fractionated in precast 4-12%
Bis-Tris polyacrylamide gels (Invitrogen). After electrophoresis, the proteins were transferred onto nitrocellulose membranes (Invitrogen) for 1.5 hr on ice at room temperature. Blots were blocked in TBS containing 0.05% Tween 20 and 5% skimmed milk for 1 hr at room temperature and subjected to immunoblotting overnight at 4°C. To visualize the immunoreaction, the blots were incubated with horseradish-peroxidase-conjugated secondary antibodies (Sigma) for 1 hr at room temperature and developed using enhanced chemiluminescence (SuperSignal West Pico substrate, Invitrogen).
Immunoprecipitation
Cell lysates were prepared in 750 ml of Tris buffer (pH 7.4; 25 mM Tris) containing 50 mM β-glycerophosphate, 1.5 mM EGTA, 0.5 mM EDTA, 1 mM sodium pyrophosphate, 1 mM sodium orthovanadate, 10 mg/ml leupeptin and pepstatin, 10 mg/ml aprotinin, and 100 mg/ml phenylmethylsulfonyl fluoride by homogenization of the fragments through 26-gauge needle.
The cell lysates were cleared by centrifugation at 12,000 × g for 15 min. Protein content was determined using the Bradford method (Bio-Rad, Hercules, CA). Cell lysates were incubated with gentle rocking at 4 C for 2 h with 6 µg of anti-clathrin antibody. Thereafter 50 ml of protein A-Sepharose beads in lysis buffer (1:1 blend) were added to each sample and incubated for 1 additional hour with gentle rocking at 4 C. The beads were pelleted by brief centrifugation and then washed three times with ice-cold lysis buffer and boiled for 5 min in 50 ml of 2X sample buffer. When necessary, the samples were stored at −80 C until use.
